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Abstract. Munbodhe V, Jeetun S, Ricot M, Jogee S, Kaullysing D, Bhagooli R. 2023. Photo-physiological responses and thermal 

tolerance of regionally endemic/rare and morphologically different corals of the Western Indian Ocean. Indo Pac J Ocean Life 7: 100-
107. Intensification in climatic variations is causing major alteration in ecosystem functionalities and an overall decline in reef 
biodiversity. Underlying the ongoing cumulative threats and the vulnerability to biodiversity loss in the reefs, this study aims to 
determine the photo-physiological response and the thermal tolerances of the morphologically different coral species namely, Porites 
lutea, Porites cylindrica, Acropora hyacinthus, Galaxea fascicularis, Seriatopora hystrix including the two regionally endemics of the 
Western Indian Ocean, Acropora branchi and Pocillopora indiania. Coral fragments from three colonies per species were collected 
from the south and southeast of Mauritius Island and treated at 27°C, 30°C and 32°C for 19 hours. Using a diving Pulse-Amplitude-

Modulated (D-PAM) fluorometer, the effective quantum yield at photosystem II (PSII) was recorded from the coral fragments initially 
and following 3, 6 and 19 hours of treatment. This experiment determined the thermal threshold of the understudied A. branchi and P. 

indiania, and detected the unexpectedly enhanced thermal tolerance of S. hystrix and G. fascicularis. Overall, it provides a preliminary 
insight into potential thermal stress tolerance in some Mauritius corals and has shown that these corals might have strategized to 
enhance their thermo-resilience while others are still struggling to withstand such stresses. These findings on the thermal resilience of 
regionally endemic/rare and morphologically different coral species are essential for further reef conservation efforts and the selection of 
coral species for reef restoration. 
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INTRODUCTION 

Compounding effects from both climatic variabilities 

and massive disturbances arising from the ever-increasing 

anthropogenic activities have resulted in immense loss of 

the 3-dimensional structure of the reefs (Elliott et al. 2018; 

Richardson et al. 2018). Warm sea surface temperatures 

have seriously damaged and killed up to 16% of the 

world’s coral reefs (Steffen et al. 2009) and under the 
current warming scenario (Klepac et al. 2022), coral reefs 

are expected to undergo further major benthic 

transformation (van Hooidonk et al. 2015). Australia’s 

Great Barrier Reef has already experienced this 

phenomenon eight times, causing mass bleaching since 

1979 with the most widespread events occurring in 1998 

and 2002 whereby more than 50% of reefs bleached 

(Steffen 2009). Likewise in the Caribbean, about 80% of 

the reefs was affected in 2005, while since 2014, three 

major bleaching events were recorded, with 2014 in the 

Northern tropical Pacific, 2015/16 over the tropical oceans 
(Lough et al. 2018) and 2017/18 in the Western Indian 

Ocean (WIO) (Obura et al. 2019).  

To understand the mechanism of coral bleaching, Pulse-

Amplitude-Modulated (PAM) fluorometry has been used to 

measure changes in photosynthetic activities and the 

response of corals to increasing sea surface temperatures as 

well as to changes in light intensity with increasing depth 

(Bhagooli and Hidaka 2003; Hoogenboom et al. 2012; 

Louis et al. 2016; Bhagooli et al. 2021a). The rate of 

bleaching varied significantly in different coral morphs 
with increasing degrees of temperature, for example, in 

Acropora selago, the expulsion mean number of degraded 

cells from corals increased from 36 degraded cells at 27°C 

to 60 degraded cells at 30°C and 54 degraded cells at 27°C 

to 75 degraded cells at 30°C in Acropora muricata (Fujise 

et al. 2014). Furthermore, photo-physiologically, not all 

corals react in the same manner (Bhagooli and Hidaka 

2003; Fitt et al. 2009; Tilstra et al. 2017; McWilliam et al. 

2018; Serrano et al. 2018; Mattan-Moorgawa et al. 2020) to 

severe and frequent prolonged marine heating (Hobday et 

al. 2016; Stillman 2019). Some suggest that corals from 
highly diverse coral reefs are more thermotolerant with 

relatively high productivity (McWilliam et al. 2018). 

Others infer that varying size and shape of the corals may 

respond differently (van Woesik et al. 2011) whereas corals 



MUNBODHE et al. – Photo-physiological responses and thermal tolerance of different corals 

 

101 

exposed to vast thermal variabilities tend to show more 

thermal resistance than those from thermally stable 

environment (Louis et al. 2016, 2020; Safaie et al. 2018; 

McClanahan and Muthiga 2020; Voolstra et al. 2020).  

Furthermore, it has been reported that local factors such 

as over-fishing, nutrient enrichments (Serrano et al. 2018), 

and sedimentation (Shantz and Burkepile 2014) contributes 

significantly to algal over-growth, thereby compromising 

the resilience of corals by making them more vulnerable to 

thermal bleaching (Holbrook et al. 2018). Under certain 
conditions, Baird and Marshall (2002) successfully 

provided evidence that the corals of the same genera 

exhibited different reaction to the thermal stress whereby, 

Acropora millepora was not only more resistant than A. 

hyacinthus but also remarked that certain colonies of the 

same Acropora species survived the entire bleaching event 

while others died. Moreover, despite elevated temperature, 

Stylophora pistillata and Galaxea fascicularis could 

tolerate thermal stress under favorable food conditions and 

thus sustain symbiotic photosynthetic activities implying 

thermal adaptability (Borell and Bischof 2008).  
Yet, lethal coral bleaching has been increasing in 

frequency, severity, and geographic scope over the past 

decades, and thus it is anticipated that this trend will 

continue (Grottoli et al. 2014; Hughes et al. 2017) which 

therefore increases the fragility of reefs (Goldberg and 

Wilkinson 2004) leading to biodiversity loss (McClanahan 

et al. 2021) and rapid community structural changes 

(Tebbett et al. 2023). To date studies on corals of Mauritius 

have looked at bleaching and mortality of corals under 

thermal stress (Bhagooli and Taleb-Hossenkhan 2012; 

Bhagooli and Sheppard 2012; Bhagooli and Kaullysing 
2019; Bhagooli et al. 2021b,c; Fai et al. 2023; Jeetun et al. 

2023; Ricot et al. 2023). However, rare and endemic 

corals’ responses to thermal stress in the Mauritian waters 

is almost uncharted. Underlying the ongoing cumulative 

threats and the vulnerability to biodiversity loss, this study 

examines whether the degree of thermal stresses vary with 

respect to coral growth-forms, branching, tabular, massive 

and sub-massive corals and assess the thermal threshold of 

the under-studied regionally endemic coral species. 

Overall, it aims to elucidate impact of the increasing 

severity of thermal stresses and determine the photo-

physiological responses and the thermal tolerances of the 
morphologically different coral species including the two 

regionally endemics of the WIO.  

MATERIALS AND METHODS 

Study area 

The Republic of Mauritius is an oceanic state in the 

Western Indian Ocean which has several outer islands 

harbouring highly diverse corals and reef fishes (Obura 

2012). Mauritius, the main island of the Republic of 

Mauritius, has an overall lagoon area (shallow waters) of 

243km2 enclosed by about 150 km of fringing reefs. The 

reefs are distinctly broken by natural breaks giving rise to a 
series of lagoons that defines the geomorphological 

characteristics such as depths, current pattern and stretches 

from the shore (Daby 2006). The depth of the lagoons 

varies between <1 to 3m from near shore extending a few 

kilometres to the reef with some exceptions in the southeast 

region where channels of < 30m deep mainly associated 

with rivers or underground springs separate the reef from 

the shore (Elliott et al. 2018). Serious concerns on the 

decadal increase in atmospheric temperature at the rate of 

0.5°C per decade were raised following the metadata 

analysis which had shown that weather condition in 

Mauritius is experiencing a mean highest temperature of 
31°C in summer and mean lowest temperature of 14°C in 

winter (Boojhawon et al. 2010). In addition, the reefs of 

Mauritius are also exposed to ongoing coastal clearing and 

intense near-coast and inland urbanization (Elliott et al. 

2018), making them more vulnerable to unprecedented 

risks of local extinctions (Obura et al. 2017; McClanahan 

and Muthiga 2020). 

Subsequently, this study was designed to assess the 

thermal tolerance of Acropora branchi and Pocillopora 

indiania, the regionally endemic corals along with 

Acropora hyacinthus, Porites lutea and Porites cylindrica 
and Seriatopora hystrix. These coral specimens were 

collected in the form of 2-2.5cm2 fragments from different 

coral colonies of the same species from the backreef and 

mid-lagoon of Riviere des Galets from the South of the 

Island, whereas S. hystrix fragments which are among the 

rare coral species were collected from Bambous Virieux, 

mid-lagoon which is situated in the eastern part of 

Mauritius (Figure 1). Both lagoons are continuously 

exposed to the South East Trade winds with a water depth 

varying from 0.75m to 1.5m at the high tide. The A. 

branchi, A. hyacinthus, P. indiania, P. lutea and P. 
cylindrica were relatively abundant at Riviere des Galets, 

20° 30.706'S; 57° 27.903'E while S. hystrix was found in 

the eastern part of the island at Bambous Virieux, 20° 

20.925'S; 57° 46.057'E. 

Thermal stress experiment 

Based on the occurrences, in February 2022 coral 

fragments were collected from the two selected sites and 

were brought in buckets under dim light to Environmental 

Sciences Wet Laboratory at the University of Mauritius. 

The fragmented samples were transferred to 2000L tanks 

equipped with air pumps for at least two hours of settling 

before the thermal stress experiment. Nine coral fragments 
(n=9) were used during the experiment, whereby three 

coral fragments per coral colony of the same species were 

placed in three different aquaria of the same treatment 

(triplicates), whereby nine sets of photophysiological 

readings from each treatment were obtained. The nine 

aquaria (400-500L) were equipped with air pumps and 

thermostats to maintain the dissolved oxygen level to an 

optimal level and maintain the water temperature to the 

desired experimental level. The initial temperature in all 9 

tanks was about 27°C (normal SST) and salinity at ~35 ppt. 

Three aquaria (3x Tank 1) were used as Control while the 6 
others were used for bleaching with temperature gradually 

raised to 30°C (thermal threshold) in aquaria Experimental 

Tank 2 and 32°C (induced stress) in aquaria Experimental 

Tank 3 (Figure 2). 
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Figure 1. A. Location of Mauritius in WIO indicated by yellow pin, B. Sites where coral samples were collected; Riviere des Galets; 
bleaching surveys were carried out in January and April 2019 and coral fragments from six coral species were collected for thermal 
stress experiment while only fragments from one species from Bambous Virieux was collected i.e., Seriatopora hystrix which is 
relatively rare and occurrence is site specific 

 

 

 
 

Figure 2. Experimental design for thermal stress using three 
different treatment tanks at 27°C, 30°C and 32°C with each 
treatment having three experimental tanks (triplicate) and each 
experimental tank having three coral fragments of the same 
species (3 coral fragments x 3 experimental tanks per treatment, 
n=9 per coral species) 
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Figure 3. Conceptual diagram showing the different steps 
involved in the thermal stress experiment from the collection of 
coral fragments to exposure to different temperatures and the 
timely measurement of photosynthetic activities 

 

Prior to placing the coral fragments in their respective 
treatment tank, photo-physiological data was recorded at 

the beginning of the experiment, i.e., Timeinitial or Timezero 

was collected prior to placement of the coral fragments in 

each water tank using the Pulse-Amplitude-Modulated 

(PAM) Fluorometry (Bhagooli and Hidaka 2003; Bhagooli 

et al. 2021a). Same exercise was repeated at three hours, 

six hours and 19 hours as demonstrated by the conceptual 

diagram (Figure 3). 

Data analysis 

MS Excel and R-Statistical software, R-4.2.2 were used 

to compile and analyse the effective quantum yield, ΦPSII. 

The bar-plots were used to display thermal stresses, ΦPSII of 

each coral species following persistent exposure to varying 

temperatures under experimental conditions. The 
percentage reduction in the photosynthetic response 

(relative to initial) was derived from the mean effective 

quantum yield of each coral species to that of initial mean 

ΦPSII for every treatment. As the data on the ΦPSII was not 

normally distributed (Shapiro-Wilk Test for normality), 

non-parametric statistical analysis was performed to assess 

the impact of elevated temperature on the ΦPSII. Kruskal-

Wallis Test shed light on the variation in photosynthetic 

activities combined for all coral species with respect to 

mean effective quantum yield (ΦPSII) at the different 

treatments over time, while the Dunn’s (1964) Kruskal-Wallis 
Post-hoc test allowed multiple comparison of the mean 

effective quantum yield (ΦPSII) at different treatments after 3 

hours, 6 hours and 19 hours of thermal stress experiment. 

RESULTS AND DISCUSSION 

Thermal stress experiment  

The thermal stress experiment showed that A. branchi 

(ΦPSII = 0.007±0.001 at 30°C and ΦPSII = 0.006±0.001 at 

32°C), A. hyacinthus (ΦPSII = 0.11±0.04 at 30°C and ΦPSII = 

0.00 at 32°C) and P. cylindrica (ΦPSII = 0.009±0.003 at 

30°C and ΦPSII = 0.02±0.03 at 32°C) were photo-

physiologically inactive after 19hrs exposure to 30°C and 
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32°C, respectively. The coral fragments of A. branchi, A. 

hyacinthus and P. cylindrica were completely bleached 

while, after persistent exposure, P. lutea (ΦPSII = 

0.476±0.008 at 30°C and ΦPSII = 0.357±0.007 at 32°C), G. 

fascicularis (ΦPSII = 0.0.463±0.067 at 30°C and ΦPSII = 

0.164±0.007 at 32°C and S. hystrix, (ΦPSII = 0.677±0.003 at 

30°C and ΦPSII = 0.185±0.081 at 32°C) exhibited relatively 

higher photosynthetic activities. Conversely, P. indiania was 

photo-physiologically active after 19hrs of persistent exposure 

to 30°C, (ΦPSII = 0656±0.05 at 30°C) with tissue blushing and 
paling/partial bleaching which eventually could not resist higher 

thermal stress of 32°C at 19hrs (ΦPSII = 0.002±0.002 at 32°C). 

Overall, the photosynthetic activities remained at 

maximum within the first 3 hours of the experiment which 

then gradually varied significantly at 6 hours and at 19 

hours (p<0.001, Table 1). However, at 6 hours, no 

differences in photo-physiological activities was observed 

in coral fragments exposed at temperatures 27oC and 30oC 

(p=0.266) as compared to 27oC and 32oC and 30oC and 

32oC which differed significantly (p<0.0001, Table 2). 

Relatively only about 10% drop in the effective quantum 
yield in corals was recorded during the first 6-hrs at 30°C 

which intensified after persistent exposure (19 hours) 

whereby the photosynthetic activities of A. branchi, A. 

hyacinthus, and P. cylindrica were ceased completely 

while P. indiania, maintained 80% - 90% of its photo-

physiological activities both at 30°C/19 hours and 32°C/6 

hours whereas complete bleaching was observed at 

32°C/19 hours as depicted in the bar-plots (Figure 4). Most 

of the corals exhibited 60% (relative to initial) of photo-

physiological response to 32°C within the first 6 hours of 

the experiment. However, only P. lutea, G. fascicularis and 

S. hystrix were capable to maintain photo-physiological 

response to persistent higher temperature of 32°C for 19 
hours at a rate of 47%, 22% and 23%, respectively (Figure 

5), while the rest of the coral fragments were completely 

bleached and smothered. 
 
 

Table 1. Kruskal-Wallis Test: Variation in photosynthetic 

activities combined for all coral species with respect to mean 
effective quantum yield (ΦPSII) at the different treatments over 
time; p<0.01, sig. *, p<0.001, sig. **, p<0.0001, sig. *** 
 

Experiment duration Chi-squared d.f. p-value 

3 hours exposure 7.249 2 0.026 
6 hours exposure 30.282 2 <0.0001 

19 hours exposure 36.696 2 <0.0001 

 

 

   
 

   
 

 
 
Figure 4. Effective quantum yield at PSII (ΦPSII) of seven coral species at temperatures 27°C (Control), 30°C and 32°C under 
experimental conditions. The photosynthetic activities were recorded at beginning (Tinitial) of the experiment, after 3 hours of the 

experiment (T3hrs), after 6 hours of the experiment (T6hrs) and after 19 hours of exposure (T19hrs). Data represents mean±SD (n=9) 
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Figure 5. Relative (to T0hr, i.e. initial) effective quantum yield of 7 tested corals exposed to 27°C, 30°C and 32°C over 19hrs 
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Table 2. Dunn’s (1964) Kruskal-Wallis Post-hoc test: Multiple comparison of the mean effective quantum yield (ΦPSII) at different 
treatments after 3 hours, 6 hours and 19 hours of thermal stress experiment; p<0.01, sig. *, p<0.001, sig. **, p<0.0001, sig. *** 

 

 

 

 

Discussion 

This laboratory-based study established the thermal 

threshold of two understudied regionally endemic corals, A. 

branchi and P. indiania, along with five other 

morphologically different corals. Overall, the corals 

displayed a varying degree of thermal tolerances 

concerning persistent exposures (19 hours) to thermal 

stresses at 30 and 32°C. Furthermore, it was found that 
tabular A. branchi, A. hyacinthus and branching P. 

cylindrica were the most susceptible to bleach and die after 

6 hours of exposure to a persistent warmer environment. 

On the other hand, P. lutea, G. fascicularis, S. hystrix and 

P. indiania exhibited relatively higher thermal tolerance 

and these observations concurred with the findings made 

by van Woesik et al. (2011), Mattan-Moorgawa et al. 

(2012), Swain et al. (2016) and Cheal et al. (2017). Also, 

previous studies have demonstrated that tabular Acropora 

displayed signs of highest level of thermal stresses 

(Eriksson et al. 2012; Muko et al. 2013) while branching 

Acropora spp. and Stylophora spp. (Fitt et al. 2009) were 
considered more susceptible to bleaching and were the first 

to bleach and die compared to massive and encrusting 

corals such as Porites spp., Leptastrea spp., and Goniastrea 

spp. (Loya et al. 2001; Starko et al. 2023).  

Only after three hours of exposure to 32°C, signs of 

thermal stresses were observed in A. branchi, A. 

hyacinthus and P. cylindrica fragments which were 

expressed by partial bleaching or paling of the coral 

fragments. Within six hours, the paling further intensified, 

increasing turbidity due to excessive mucus secretion 

compared to the 27°C treatments. All the treatments at 
32°C had mucus but which varied considerably depending 

on the species of the coral fragments. Even the treatments 

containing the fragments of P. lutea, G. fascicularis, S. 

hystrix and P. indiania had accumulated mucus however, it 

was visibly lower in concentration. In this line, mucus 

usually acts as a primary defensive mechanism against 

microbial invasion (Ritchie 2006; Walters et al. 2020) as 

well as control their microbiome (Walters et al. 2020). 

Nonetheless, it has also been suggested that during thermal 

stress, nearly 45% of the total energy budget is 

concentrated in mucus production, which might be 
physiologically advantageous for thermally resistant corals 

as compared to the vulnerable ones as a consequence of 

further disadvantageously compromising the coral health 

(Fitt et al. 2009; Zaneveld et al. 2016). Studies have also 

demonstrated that thermal stresses may cause a reduction in 

the coral defense mechanism (Vidal-Dupiol et al. 2014; 

Beatty et al. 2019), while in-depth study on Acroporids 

revealed that coral immunity is also dependent on the reef 

health status, whereby the dominant algal reef has a higher 

risk of coral diseases due to pathogenic bacterial 

accumulation (Sandin et al. 2008; Louis et al. 2020; Beatty 

et al. 2022). As such, experimentally, it may be determined 

that one of the reasons for low thermal resilience in A. 

branchi, A. hyacinthus and P. cylindrica might have been 

excessive mucus secretion. 
As expected, P. lutea exhibited higher thermal 

resistance than G. fascicularis and S. hystrix by actively 

demonstrating photo-physiological processes to persistent 

exposure to 32°C. The slow-growing, massive P. lutea is 

among the most studied massive coral and is well known 

for its thermotolerance (Hoogenboom et al. 2017; Hughes 

et al. 2018) compared to G. fascularis and S. hystrix. 

Despite being previously listed as thermally vulnerable 

(Loya et al. 2001), under the current laboratory conditions, 

G. fascularis and S. hystrix have shown certain level of 

thermal resistance most potentially owing to enhanced 

bleaching resilience strategies over repeated heating events 
(Hoey et al. 2016; Epstein et al. 2022). Given the fact that 

this study focused mainly on photo-physiological 

observations, the prediction of precise conditions favoring 

such thermotolerance was limited, nevertheless, such 

thermal adaptation may be associated primarily to the high 

diversity and reef complexity with low water residence 

time at Riviere des Galets (pers. observation), the sampling 

site for G. fascicularis. For example, certain corals are now 

capable of withstanding elevated temperatures (>2°C) 

provided that they have enhanced resilience through 

dynamic host-symbiont communities (Ziegler et al. 2018) 
by reshuffling of Symbiodiniaceae (Bhagooli and Hidaka 

2003; Fitt et al. 2009; Guest et al. 2012) heterotrophy 

(Grotolli et al. 2006), shade from algal assemblages giving 

rise to photo acclimatization most potentially in the case 

of S. hystrix (Lewis et al. 2022) which are essential 

adaptive criteria for local thermal resistance and 

acclimatization. 

So far, despite being limited to the assessment to only 

photosynthetic activities of morphologically different 

corals, this study has been able to assess the thermal 

threshold of the understudied A. branchi and P. indiania, 
the regionally endemic corals of the Western Indian Ocean 

region. Additionally, the degree of thermal vulnerability 

of A. hyacinthus and the thermal resistance of P. lutea was 

confirmed whereas the unexpectedly enhanced thermal 

tolerance of S. hystrix and G. fascicularis was detected. 

This experiment provided a preliminary insight on the 

potential thermal tolerance in some corals of Mauritius and 

Treatment 

comparison 

3 hours exposure 6 hours exposure 19 hours exposure 

Z p-unadj. p-adj. Z p-unadj. p-adj. Z p-unadj. p-adj. 

27°C - 30°C -0.408 0.683 0.683 1.116 0.265 0.266 3.284 0.001 0.001 

27°C - 32°C 2.101 0.036 0.071 5.224 <0.0001 <0.0001 6.051 <0.0001 <0.0001 

30°C - 32°C 2.509 0.012 0.036 4.109 <0.0001 <0.0001 2.766 <0.0001 <0.0001 
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has shown that these corals might have strategized to 

enhance their thermo-resilience (Mattan-Moorgawa et al. 

2020) while others in the like of tabular and branching ones 

are still struggling to withstand thermal stresses (Hoey et 

al. 2016). Also, such findings on thermal resilience of 

regionally endemic and morphologically different coral 

species are essential for onwards reef conservation and also 

for the selection of robust coral species for reef restoration. 

Nevertheless, in-depth evaluation through additional 

experimental parameters on these corals, such as the 
maximum Electron Transport Rate (ETRmax), Non-

Photochemical Quenching (NPQ), study on heterotrophic 

feeding, microbiomes and Symbiodiniaceae community 

structure, is critical to providing science-driven information 

on photoacclimation and photoprotection on the reefs of the 

Western Indian Ocean region to better strategize on 

innovative conservation measures. 
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